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Knot Defection on Coniferous Wood Surface by Near Infrared
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Abstract To develop a model for rapid, accurate grading of lumbers based on knots, near infrared spectroscopy was
used to detect knots on coniferous wood surface. We explored the effects of spectral preprocess methods and
modelling methods on knot detection, and investigated the feasibility of using a model built within one species to
discriminate the samples from other species. Successive projections algorithm (SPA) was used to select effective
wavelengths. The results showed that least squares-support vector machines (LS-SVM) coupled with first
derivative preprocessed spectra achieved the best performance for both single and mixed models. Fifteen effective
wavelengths, only 0. 87% of the full wavelengths, were selected by SPA to build an LS-SVM model, and the
sensitivity, specificity and accuracy in validation set were 0.990, 0.954, 97.44%. The results showed that near
infrared spectroscopy combined with SPA and LLS-SVM can be used to detect surface knots on different coniferous
wood varieties. SPA is a powerful tool to select the efficient variables, and it can simplify model and improve model
prediction precision.
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Table 1 Information of board in the experiment

Wood species Number Moisture content /% Density /(gecm ™ *)
DF 82 11.0 0.560
SPF 83 9.1 0.395
CH 63 10.3 0.569
DS 72 9.9 0.471

DF: Douglas fir; SPF: spruce-pine-fir; CH: Chinese hemlock; DS: dragon spruce
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Table 2 Information of calibration set and validation set

Calibration set Validation set
Wood
Knot Knot
species . .
Number of Normal ~Number Diameter range /mm Number of Normal Number Diameter range /mm

DF 109 74 2-55 54 37 2-56

SPF 107 123 2-75 53 61 3-75

CH 89 52 1.5-62 45 26 2-45

DS 93 58 2-30 47 28 2-29
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Fig. 1 Mean spectra from different types of boards for knot and knot-free samples
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Table 3 PLS-LDA and LLS-SVM results for boards of different wood species

Spectrum

Wood Modelling Calibration set Validation set
) processing
species method method Sensitivity Specificity Accuracy /%  Sensitivity  Specificity Accuracy /%
NP 1.000 0.960 98.36 1.000 0.919 96.70
PLS-LDA SNV 1.000 0.960 98.36 0.982 0.919 95.60
DF FD 1.000 0.987 99.45 1.000 0.946 97.80
NP 1.000 0.960 98.36 0.982 0.946 96.70
LS-SVM SNV 1.000 0.973 98.91 0.982 0.946 96.70
FD 1.000 0.973 98.91 1.000 0.946 97.80
NP 1.000 0.951 97.39 1.000 0.951 97.37
PLS-LDA SNV 1.000 0.943 96.96 1.000 0.951 97.37
SPF FD 1.000 0.976 98.70 1.000 0.967 98.25
NP 1.000 0.976 98.70 1.000 0.967 98.25
LS-SVM SNV 1.000 0.976 98.70 1.000 0.967 98.25
FD 1.000 1.000 100.00 1.000 0.967 98.25
NP 0.966 0.981 97.16 0.956 0.846 91.55
PLS-LDA SNV 0.966 0.962 96.45 0.978 0.846 92.96
CH FD 0.978 0.981 97.87 0.978 0.885 94.37
NP 0.978 0.923 95.74 0.978 0.962 97.18
LS-SVM SNV 1.000 0.942 97.87 0.933 0.962 94.37
FD 1.000 1.000 100.00 0.978 0.962 97.18
NP 1.000 0.966 98.68 1.000 0.929 97.33
PLS-LDA SNV 1.000 0.966 98.68 1.000 0.929 97.33
DS FD 1.000 0.966 98.68 1.000 0.964 98.67
’ NP 1.000 0.983 99.34 1.000 0.964 98.67
LS-SVM SNV 1.000 0.983 99.14 1.000 0.929 97.33
FD 1.000 1.000 100.00 1.000 0.964 98.67

3 3 AT, RE R PLS-LDA 771k, i 2% LS-SVM J5 58, — B S 5006 3% BT a2 455 784 4 Rk B A5 4
TR AR . X 2 B — B S BOG TS FAL B F T 055 RS SR DL RO SR AR AR A T E 5 A M L A
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Table 4 Results of LS-SVM model built within one species to discriminate samples from other species

Wood Spectru'm Sample Validation set
] processing )
species method species Sensitivity Specificity Accuracy /%

SPF 0.547 1.000 78.40

NP CH 0.467 0.962 64.79

DS 0.234 0.964 50.67

SPF 0.849 0.885 86.84

DF SNV CH 0.778 0.731 76.06
DS 0.957 0.857 92.00

SPF 0.245 1.000 64.91

FD CH 0.378 1.000 60.56

DS 0.234 0.929 49.33

DF 0.833 0.892 85.71

NP CH 0.400 0.846 56.34

DS 1.000 0.893 96.00

DF 0.519 0.973 70.33

SPF SNV CH 0.356 1.000 59.15
DS 0.894 0.893 89.33

DF 0.907 0.811 86.81

FD CH 0.378 1.000 60.56

DS 1.000 0.893 96.00

DF 0.963 0.703 85.71

NP SPF 0.981 0.918 94.74

DS 1.000 0.821 93.33

DF 0.611 0.811 69.23

CH SNV SPF 0.868 0.951 91.23
DS 0.638 0.857 72.00

DF 0.815 0.811 81.32

FD SPF 0.943 0.951 94.74

DS 0.894 0.8571 88.00

DF 0.944 0.892 92.31

NP SPF 0.849 0.918 88.60

CH 0.844 0.769 81.69

DF 0.593 0.973 74.73

DS SNV SPF 0.868 0.967 92.11
CH 0.667 1.000 78.87

DF 0.1852 0.973 50.55

FD SPF 0.491 0.984 75.44

CH 0.311 1.000 56.34
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Table 5 Results for full wavelengths models and effective wavelengths model

Spectrum

Model . Wood Calibration set Validation set
processing )
type method species Sensitivity ~ Specificity Accuracy /%  Sensitivity  Specificity Accuracy /%
Mixed 1.000 0.977 99.01 0.990 0.947 97.15
DF 0.982 0.946 96.70
NP SPF 1.000 0.967 98.25
CH 0.978 0.923 95.77
DS 1.000 0.929 97.33
Mixed 1.000 0.981 99.15 0.995 0.947 97.44
DF 1.000 0.946 97.80
FWs SNV SPF 1.000 0.967 98.25
CH 0.978 0.923 95.77
DS 1.000 0.929 97.33
Mixed 1.000 0.981 99.15 0.995 0.961 98.01
DF 1.000 0.946 97.80
FD SPF 1.000 0.967 98.25
CH 0.978 0.962 97.18
DS 1.000 0.964 98.67
Mixed 0.998 0.958 98.01 0.990 0.954 97.44
DF 0.982 0.946 96.70
EWs NP SPF 1.000 0.967 98.25
CH 0.978 0.962 97.18
DS 1.000 0.929 97.33

FWs: full wavelengths; EWs: effective wavelengths.
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Fig. 2 Effective wavelengths selected by SPA
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